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,QWURGXFWLRQ
7KHFRQFUHWH LQGXVWU\ LV WKH ODUJHVWFRQVXPHURIYLUJLQPDWHULDOVVXFKDV VDQGJUDYHOFUXVKHGURFNDQG IUHVK
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 LQWR WKH HQYLURQPHQW &RQFHUQV IRU WKH
VXVWDLQDEOH GHYHORSPHQW LQ WKH FHPHQW DQG FRQFUHWH LQGXVWULHV DUH LQFUHDVLQJO\ DGGUHVVHG >@ ,Q WKH ORQJ UXQ
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UHGXFWLRQLQWKHXVHRIHQHUJ\DQGPDWHULDOV>@2QH
RIWKHFRQFUHWHWHFKQRORJLHVIRUVXVWDLQDEOHGHYHORSPHQWLV WRXVH³JUHHQ´PDWHULDOVIRUFRQVWUXFWLRQ7KH³JUHHQ´
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GHYHORSPHQWDWHDUO\DJH>@
6ORYDN WHFKQLFDO VWDQGDUGV HVWDEOLVKHG UHTXLUHPHQW IRU XVH RI DGGLWLYHV WR D PD[LPXP RI DERXW 
6XEVHTXHQWO\ LQ  WKH XVH RI DGGLWLYHV ZDV UHMHFWHG E\ WKH DPHQGPHQW RI WHFKQLFDO VWDQGDUGV+RZHYHU WKH
6ORYDN EURZQ IO\ DVK SURGXFHG E\ KHDW DQG SRZHU SODQW LV XVHIXO LQ URDG FRQVWUXFWLRQ WRR 7KDQNV WR IO\ DVK
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WHVWHGRQFRPSUHVVLYHVWUHQJWK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IOH[XUDOVWUHQJWK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GHWHUPLQDWLRQRIFRQFUHWHGHLFLQJVDOWVUHVLVWDQFH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671DVZHOODVRQ IUHH]LQJDQG WKDZLQJ7KHUHVXOWLQJYDOXHVRIH[SHULPHQWDO)$FRPSRVLWHV
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WKDW FDQ EH XVHG WR LGHQWLI\ ZD\V WR GHFUHDVH WKH HQYLURQPHQWDO LPSDFW RI D SURGXFW RU SURFHVV DQG WR LQIRUP
GHFLVLRQ PDNHUV RI WKH FRQVHTXHQFHV RI FKDQJHV WR WKH SURGXFW RU SURFHVV DQG LW HQFRPSDVVHV DOO DVSHFWV RI D
SURFHVV RU SURGXFW IURP ³FUDGOH WR JUDYH´ LQFOXGLQJPDWHULDO H[WUDFWLRQ WUDQVSRUW SURGXFWLRQPDLQWHQDQFH DQG
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VSHFLILFUHTXLUHPHQWVRI7HFKQLFDO6WDQGDUGDUHSUHVHQWHGLQ7DEOH$VLWFDQEHVHHQLQWKHFRQVLVWHQF\WHVWDOO
VDPSOHVFRPSO\ZLWKUHTXLUHPHQWRI6,PSURYHPHQWLQFRQVLVWHQF\LVVOLJKWO\YLVLEOHZLWKLQFUHDVLQJDPRXQWRI
IO\DVK$LUFRQWHQWPHWWHFKQLFDOUHTXLUHPHQWRIDQGWKHDPRXQWRIIO\DVKGRHVQRWLQIOXHQFHWKHDLUFRQWHQW
VLJQLILFDQWO\7HPSHUDWXUHWHVWVVKRZHGWKDWDOOVDPSOHVPHWVWDQGDUGUHTXLUHPHQWIRUWHPSHUDWXUHUDQJHRI&
7&,QFUHDVLQJDPRXQWRIIO\DVKLVFDXVLQJVOLJKWGHFUHDVHLQWHPSHUDWXUH%XWLWLVORJLFDOGXHWRGHFUHDVH
RI K\GUDWLRQ KHDW FDXVLQJ E\ VPDOOHU DPRXQW RI FOLQNHU &RPSUHVVLYH DQG IOH[XUDO VWUHQJWKV GHYHORSPHQW RI
FRPSRVLWHV EDVHG RQ YDULRXV IO\ DVK SRUWLRQV DIWHU  GD\V DV ZHOO DV WKH GHLFLQJ VDOWV DQG IURVW UHVLVWDQFH DUH
VKRZQLQ7DEOH%DVHGRQWKHVHUHVXOWVLWFDQEHVWDWHGWKDWWKHSUHSDUHG)$FRQFUHWHFRPSRVLWHVZLWKDVZHOO
DVRIFHPHQWUHSODFHPHQWPHWWKHUHTXLUHGFULWHULDRIWKH7HFKQLFDOVWDQGDUG:LWKLQFUHDVLQJDPRXQWRI IO\
DVKVOLJKWGHFUHDVHLQERWKVWUHQJWKVLVYLVLEOHHDUO\DQGILQDOVWUHQJWKV'HLFLQJVDOWUHVLVWDQFHUHTXLUHPHQWPD[
JPRIVFDOLQJLQF\FOHVLVQRWIXOILOOHGRQO\LQFDVHRIZW)$FHPHQWUHSODFHPHQW+RZHYHULWLV
QHFHVVDU\WRVD\WKDWWHVWLQJZDVGRQHXQGHUPRUHVWULFWFRQGLWLRQV±F\FOHV,QSDSHU>@WKHVFDOLQJYDOXHRI
 JP LV FODVVLI\LQJ DV VPDOO GDPDJH ZKLOH DFFRUGLQJ WR ODERUDWRU\ WHVWLQJ VXFK VDPSOHV GLG QRW VKRZ DQ\
GHJUDGDWLRQ HYHQ DW UHDO H[SRVXUH$OO VDPSOHVPHW UHTXLUHPHQW IRUPLQ  LQ DVVHVVPHQW DUHD RI IURVW LQGH[
,QFUHDVH LQ IO\ DVK FRQWHQW LV FDXVLQJ GHFUHDVH RI IURVW LQGH[ 6WDQGDUG UHTXLUHPHQW IRU YDOXH RI FRPSUHVVLYH
VWUHQJWK DIWHU IUHH]LQJ F\FOHV GRHV QRW GHILQHG KRZHYHU ZH ZHUH LQFOXGHG WKLV LQ RXU WHVWLQJ $V SHU UHVXOWV
FRPSUHVVLYH VWUHQJWKV DIWHU IUHH]LQJ F\FOHV LQFUHDVHG VOLJKWO\ ,QFUHDVLQJ DPRXQW RI IO\ DVK EDVLFDOO\ GRHVQ
W
LQIOXHQFHYDOXHVRIVWUHQJWKDIWHUIUHH]LQJGHFUHDVHLVRQO\YLVLEOHDIWHUUHSODFHPHQW>@
7DEOH5HVXOWVRIIUHVKFRQFUHWHWHVWV
3DUDPHWHU 8QLW 5HTXLUHGYDOXH RI)$ RI)$ RI)$
6OXPSWHVW >PP@ 6PP   
$LUFRQWHQW >@    
7HPSHUDWXUH >&@ 7   
7DEOH5HVXOWVRIKDUGHQHGFRQFUHWHWHVWV
3DUDPHWHU 8QLW 7LPHRIWHVWLQJ 5HTXLUHGYDOXH RI)$ RI)$ RI)$
)OH[XUDOVWUHQJWK >03D@ G    
&RPSUHVVLYHVWUHQJWK >03D@ G    
'HLFLQJVDOWVUHVLVWDQFH±6FDOLQJ >JP@ DIWHUIUHH]LQJ PD[   
)URVWUHVLVWDQFH)OH[XUDOVWUHQJWK >03D@ EHIRUHIUHH]LQJ    
  DIWHUIUHH]LQJ    
5HVLVWDQWLQGH[ >@  PLQ   
&RPSUHVVLYHVWUHQJWK >03D@ EHIRUHIUHH]LQJ    
DIWHUIUHH]LQJ    
0RQLWRULQJRIKDUPIXOHOHPHQWV
5HVXOWV RI KD]DUGRXV HOHPHQWV FRQWHQW LV VXPPDUL]HG LQ 7DEOH  'HWHUPLQDWLRQ RI KH[DYDOHQW ZDWHUVROXEOH
FKURPLXPDVZHOODVRIUDGLRDFWLYLW\5D7K.RIFHPHQW&(0,1DQGIO\DVKPHHWWKHZRUOGFULWHULD
VSHFLILHGIRU&UPD[SSPSSP PJNJDQGIRUJDPPDLQGH[FDOFXODWHGRI.5D7K)RUWKH
FRPSDULVRQWKHJDPPDLQGH[RIFRQFUHWHFRPSRVLWHVZLWKRXWUHIHUHQFHVDPSOH56DQGZLWKDZWIO\DVK
49 Marcela Ondova et al. /  Procedia Engineering  65 ( 2013 )  45 – 50 
DVVXEVWLWXWLRQRIFHPHQWZHUHPHDVXUHG7RWDOFRQWHQWRI&U9,GHFUHDVHGWRWKHYDOXHSSP)$FRPSRVLWHDQG
WRSSP±YDOXHRIUHIHUHQFHVDPSOH9DOXHRIJDPPDLQGH[GHFUHDVHGWR)$FRPSRVLWHDQG56
%DVHGRQWKHVHUHVXOWVRIWKHHQYLURQPHQWDODVVHVVPHQWLWFDQEHVWDWHGWKDWWKHIO\DVKXQGHUGLVFXVVLRQLVVXLWDEOH
IRULWVXVHDVFHPHQWVXEVWLWXWHLQFRQFUHWH
7DEOH6XPPDU\RIWKHKDUPIXOHOHPHQWVWHVWV
7HVWHGKD]DUGRXVHOHPHQWV 8QLW )O\DVK &(0,1 5HIHUHQFHVDPSOH )$FRQFUHWH
&U9, PJNJ&U    
5DGLRDFWLYLW\5D >%TNJ@    
7K >%TNJ@    
. >%TNJ@    
*DPPDLQGH[,Ȗ     
/LIHF\FOHDVVHVVPHQWRIFRQFUHWHV
5HVXOWVRI/&$RI)$DQGUHIHUHQFHFRQFUHWHVDPSOHVDUHSUHVHQWHGLQ)LJXUH$VLWFDQEHVHHQ WKHIO\DVK
FRQFUHWH LQ FRPSDULVRQ WR UHIHUHQFH VDPSOH KDV VLJQLILFDQWO\ EHWWHU LQGLFDWRUV RI /&$ ORZHU HQYLURQPHQWDO
LPSDFWVLQHDFKDUHDRIHYDOXDWLRQ3(,3ULPDU\HQHUJ\LQWHQVLW\32&33KRWRFKHPLFDOR]RQHFUHDWLRQSRWHQWLDO
2'3  2]RQH OD\HU GHSOHWLRQ SRWHQWLDO 13  QXWULHQW SRWHQWLDO  *:3  *OREDO :DUPLQJ 3RWHQWLDO $3 
$FLGLILFDWLRQ3RWHQWLDO










)LJ/LIHF\FOHDVVHVVPHQWUHVXOWV
0XOWL&ULWHULD$QDO\VLV
)RU WKH ILQDO HYDOXDWLRQ RI WKH LQYHVWLJDWHG DUHDV WKH TXDOLW\ SDUDPHWHUV RI IUHVKO\ PL[HG FRQFUHWH DQG
FRPSRVLWHVHQYLURQPHQWDOSDUDPHWHUVDVZHOODVHFRQRPLFEHQHILWV LGHQWLILHGLQWKHZRUN>@WZRPXOWLFULWHULD
DQDO\VLV  )XOOHU WULDQJOHPHWKRG 0$ DQG6DDW\VPHWKRG 0$ZHUH FKRVHQ%RWK DQDO\]HVZHUH FRQYHUWHG
WKURXJKWKH:HLJKWHG6XP$SSURDFK,GHDO3RLQWV$QDO\VLV7HFKQLTXHIRU2UGHU3UHIHUHQFHE\6LPLODULW\WR,GHDO
6ROXWLRQDQG&RQFRUGDQFH'LVFRUGDQFH$QDO\VLV,QWKHFDVHRI0$WKHHQYLURQPHQWDOFULWHULDZHUHSUHIHUUHG,Q
WKHVHFRQGFDVH0$WKHVDPHZHLJKWVRILPSRUWDQFHRIDOOHQYLURQPHQWDOLPSDFWVDQGWKHSDUDPHWHUVRIVWUHQJWK
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DQGGXUDELOLW\ZHUHDVVLJQHG7KHUHVXOWVVKRZHGWKDWWKHFRQFUHWHZLWKDIO\DVKFHPHQWUHSODFHPHQWDSSHDUWREHD
EHWWHU YDULDQW EXW DOVR LW LV QHFHVVDU\ WRQRWH WKDW ERWKRI WKHVHRSWLRQVKDYH DGYDQWDJHV DQGGLVDGYDQWDJHV2QH
GLVDGYDQWDJHRIIO\DVKFRQFUHWHLVLWVORZHUVWUHQJWKFRPSDUHGWRWKHUHIHUHQFHFRQFUHWH$OWKRXJKLWPXVWEHVWDWHG
WKDW WKH VWUHQJWK UHTXLUHPHQWVRI6ORYDN WHFKQLFDO VWDQGDUGV &6±03D)6±03DKDYHEHHQPHW HYHQ
ZHUHH[FHHGZLWKIO\DVKFRQFUHWH
&RQFOXVLRQ
&HPHQWLVRQHRIWKHUDZPDWHULDOVZKLFKKDVDPRQJWKHLQGXVWULDOFRQVWUXFWLRQPDWHULDOVDVLJQLILFDQWSODFH$W
WKHVDPHWLPHLWVSURGXFWLRQ OHDGVWRVLJQLILFDQWHQHUJ\FRQVXPSWLRQDQGQDWXUDOUHVRXUFHVH[WUDFWLRQ%HVLGHV LW
SURGXFHGODUJHDPRXQWVRI&2DQGRWKHUSROOXWDQWV7KHUHIRUHDURXQGWKHZRUOGVFLHQWLVWVDUHORRNLQJSRVVLELOLWLHV
IRU UHGXFLQJRI WKH VDLG LPSDFWV WR WKHHQYLURQPHQW$V WKHUHVHDUFKUHVXOWVRQHRI WKHDGYDQWDJHRXVZD\V LV WKH
XWLOL]DWLRQ RI 6ORYDN EURZQ FRDO IO\ DVK ZKLFK VHHPV WR EH LQGLFDWHG E\ D VXLWDEOH FHPHQW UHSODFHPHQW LQ WKH
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
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